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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  the  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  investi¬ 
gation  is  to  identify  expeditiously  those  dams  which  may 
pose  hazards  to  human  life  or  property.  The  assessment  of 
the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation  and 
analyses  involving  topographic  mapping,  subsurface  investi¬ 
gations  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such 
studies . 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  In  cases  where  the  reser¬ 
voir  was  lowered  or  drained  prior  to  inspection,  such  action, 
while  improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  continued  care  and  inspec¬ 
tion  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(flood  discharges  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  con¬ 
ditions  that  are  reasonably  possible),  or  fractions  thereof. 
Because  of  the  magnitude  and  rarity  of  such  a  storm  event,  a 
finding  that  a  spillway  will  not  pass  the  design  flood 
should  not  be  interpreted  as  necessarily  posing  a  highly 
inadequate  condition.  The  design  flood  provides  a  measure 
of  relative  spillway  capacity  and  serves  as  an  aid  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition,  and  the  downstream  damage  potential. 
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Name  of  Dam:  Lake  Devolia  Dam 
State:  Commonwealth  of  Virginia 

County:  Caroline 

USGS  7.5  Minute  Quadrangles:  Ladysmith,  VA  and  Hewlett,  VA 
Stream:  Unnamed  Tributary  to  South  River 

Date  of  Inspection:  28  October  1980 


BRIEF  ASSESSMENT  OF  DAM 


Lake  Devolia  Dam  is  an  earthfill  embankment  approximately 
20.6  feet  high1  and  460  feet  long.  The  principal  spillways 
consist  of  one  24-inch  and  one  36-inch  diameter  corrugated 
metal  pipes  (C.M.P. )  which  pass  through  the  embankment  at 
the  right2  abutment  and  approximate  center  of  the  dam, 
respectively.  The  left  and  right  emergency  spillway  areas 
are  natural  overflow  areas  and  are  adjacent  to  the  left  and 
right  abutments  of  the  dam.  The  dam  is  located  in  Caroline 
County,  approximately  1.8  miles  west  of  Ladysmith,  Virginia. 

The  dam  is  owned  by  the  Lake  Land' or  Property  Owner's  Associ¬ 
ation  and  is  used  for  recreation.  Lake  Devolia  Dam  is  a 
"small"  size  -  "significant"  hazard  structure  as  defined  by 
the  Recommended  Guidelines  for  Safety  Inspection  of  Dams . 

The  dam  and  appurtenant  structures  were  in  poor  condition 
at  the  time  of  the  inspection. 

Using  the  Corps  of  Engineers'  screening  criteria  for  the 
initial  review  of  spillway  adequacy,  the  1/2  Probable  Maxi¬ 
mum  Flood  (1/2  PMF)  was  selected  as  the  spillway  design 
flood  (SDF)  for  Lake  Devolia  Dam.  The  SDF  was  routed 
through  the  reservoir  and  found  to  overtop  the  dam  by  a 
maximum  depth  of  1.0  feet  with  an  average  critical  velocity 
of  4.6  feet  per  second  (f.p.s.).  Total  duration  of  dam 
overtopping  would  be  about  1.2  hours.^The  spillways  are 
on^y  capable  of  passing  up  to  23  percent  of  the  Probable  ( 

Maximum  Flood  without  overtopping  the  dam.  However,  overtop¬ 
ping  could  be  detrimental  to  the  dam  considering  the  present 
eroded  and  sparsely  vegetated  conditon  of  the  downstream 
embankment.  Therefore,  the  spillways  are  adjudged  as  inade¬ 
quate.  The  spillways  were  not  adjudged  as  seriously  inadequate 
since  there  is  not  a  high  hazard  to  loss  of  life  from  large 
flows  downstream  of  the  dam. 


‘Measured  from  the  streambed  at  the  downstream  toe  of  the 
dam  to  the  embankment  crest. 

2Facing  downstream. 
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Visual  inspection  and  office  analyses  indicate  deficiencies 
requiring  remedial  treatment. 

The  seep  area  should  be  examined  at  regular  intervals  and 
after  periods  of  heavy  rains  for  any  signs  of  increased  flow 
or  turbidity,  which  may  indicate  the  potential  for  piping  of 
embankment  material.  If  increased  flow  from  the  seep  area 
or  turbidity  are  noted,  a  qualified  geotechnical  engineering 
firm  should  be  retained  to  perform  a  stability  check  of  the 
dam. 

A  warning  system  and  emergency  action  plan  should  be  devel¬ 
oped  and  put  into  operation  as  soon  as  possible.  The  emer¬ 
gency  action  plan  should  list  steps  to  be  taken  to  help 
prevent  failure  of  the  dam  in  an  emergency. 

The  following  measures  should  be  undertaken  as  part  of  a 
regularly  scheduled  inspection  and  maintenance  program: 

1)  The  left  half  of  the  downstream  slope  should 

be  filled  to  a  minimum  slope  of  2.5H:1V,  compacted, 
graded,  and  seeded.  A  rock  fill  toe  drain  with 
proper  filter  should  be  constructed  initially. 

2)  Fill,  regrade,  and  recompact  all  areas  of  erosion 
on  the  embankment  and  establish  a  good  grass  cover 
over  the  entire  dam. 

3)  Riprap  should  be  installed  upstream  and  downstream 
of  the  roadway  that  passes  through  the  natural 
left  and  right  emergency  spillway  areas  to  prevent 
erosion  to  the  left  and  right  abutments  of  the  dam. 

4)  Place  riprap  on  the  upstream  embankment  to  minimize 
erosion  due  to  wave  action. 

5)  Clear  the  debris  from  the  24-inch  principal  spill¬ 
way  inlet,  discharge  area,  and  downstream  channel. 

6)  Repair  and  riprap  the  eroded  outlet  area  for  the 
24-inch  principal  spillway.  Also,  riprap  around 
the  outlet  of  the  36-inch  spillway. 

7)  Fill  in,  compact  and  reseed  the  existing  discharge 
channel  for  the  24-inch  principal  spillway  and 
construct  a  new  riprapped  discharge  channel  away 
from  the  toe  of  the  downstream  embankment. 

8)  Install  trash  racks  or  screens  at  the  inlets  to 
the  24-inch  and  36-inch  principal  spillways  to 
prevent  obstruction  of  flow. 
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9)  Anchor  the  half-sections  of  54-inch  C.M.P.  to  the 
embankment  to  prevent  slippage. 

10)  Extend  half-sections  of  pipe  in  the  discharge 
channel  for  the  36-inch  principal  spillway  beyond 
the  toe  of  the  embankment  and  tie  it  in  with  the 
new  24-inch  principal  spillway  discharge  channel. 

11)  Install  a  staff  gage  to  monitor  reservoir  levels 
above  normal  pool. 

12)  The  pine  trees  seeded  onto  the  embankment  should 
be  removed  and  the  embankment  mowed  regularly. 


MICHAEL  BAKER ,  JR.,  INC. 


SUBMITTED: 


Original  signed  by 
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Qljjj^^Executive  Officer 
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Jack  G.  Starr,  P.E. 
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Douglas  L.  Haller 
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Date : 
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OVERALL  VIEW  OF  DAM 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  LAKE  DEVOLIA  DAM  ID#  VA  03331 

SECTION  1  -  PROJECT  INFORMATION 


1 . 1  General 

1.1.1  Authority:  Public  Law  92-367,  8  August  1972, 
authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,  to  initiate  a  national 
program  of  safety  inspections  of  dams  through¬ 
out  the  United  States.  The  Norfolk  District 
has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the 
Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to 
conduct  a  Phase  I  inspection  according  to  the 
Recommended  Guidelines  for  Safety  Inspection 
of  Dams  (Reference  12,  Appendix  IV).  The 
main  responsibility  is  to  expeditiously 
identify  those  dams  which  may  be  a  potential 
hazard  to  human  life  or  property. 

1 . 2  Description  of  Project 

1.2.1  Description  of  Dam  and  Appurtenances :  Lake 

Devolia  Dam  is  an  earthfill  embankment  approxi¬ 
mately  20.6  feet  high1  and  460  feet  long. 

The  upstream  and  downstream  embankment  slopes 
vary.  The  upstream  embankment  ranges  from 
approximately  2. OH: IV  to  2.5H:1V  (Horizontal 
to  Vertical,  respectively).  The  downstream 
embankment  ranges  from  approximately  2.2H:1V 
to  2.6H:1V.  The  crest  of  the  dam  varies  in 
width  from  about  28.0  feet  wide  to  32.3  feet 
wide.  There  is  no  information  available  on 
any  possible  zoning  of  the  embankment.  There 
is  no  slope  protection  on  the  embankment.  A 
two-lane  tar  and  chip  roadway  runs  along  the 
crest  of  the  dam.  The  minimum  top  of  dam 
at  both  abutments  is  at  elevation  249.1  feet 


‘Measured  from  the  streambed  at  the  downstream  toe  of  the 
dam  to  the  embankment  crest. 
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Temporary  Bench  Mark  (T.B.M.)2  The  elevation 
of  the  crest  of  the  dam  varies  by  about  1.5 
feet  to  a  maximum  elevation  of  250.6  feet 
T.B.M.  near  the  center  of  the  embankment.  No 
evidence  of  an  internal  drainage  system  or 
slope  protection  for  the  dam  was  found. 

The  dam  has  two  principal  spillways.  The 
first  principal  spillway  is  a  24-inch  diameter 
corrugated  metal  pipe  (C.M.P.)  through  the 
embankment.  The  24-inch  principal  spillway 
is  40  feet  long  and  located  at  the  right 
abutment.3  The  invert  of  the  inlet  of  the 
24-inch  principal  spillway  is  at  elevation 
245.0  feet  T.B.M.  and  the  slope  of  the  pipe 
is  approximately  1.0  percent  (Photo  1).  The 
discharge  from  the  24-inch  principal  spillway 
drops  into  an  inadequately  riprapped  discharge 
area  (Photo  2)  and  then  follows  a  natural 
channel,  along  the  junction  of  the  downstream 
embankment  with  the  right  abutment  (Photo  7), 
to  an  unnamed  tributary  and  thence  into  South 
River  about  1.1  miles  downstream  of  the  dam. 

The  second  principal  spillway  is  a  36-inch 
diameter  C.M.P.  through  the  embankment.  The 
36-inch  principal  spillway  is  46.5  feet  long 
and  is  located  near  the  center  of  the  embank¬ 
ment  approximately  200  feet  from  the  right 
abutment.  The  invert  of  the  inlet  of  the  36- 
inch  principal  spillway  is  at  elevation  245.4 
feet  T.B.M.  and  the  slope  of  the  pipe  is 
approximately  4,1  percent  (Photo  3).  The 
discharge  channel  for  the  36-inch  principal 
spillway  consists  of  unanchored  half- sections 
of  54-inch  diameter  C.M.P.  (Photo  4).  The 
discharge  from  the  36-inch  principal  spillway 
flows  through  the  half-section  discharge 
channel  for  approximately  20  feet  before 
dropping  into  a  riprapped  discharge  area  at 
and  above  the  toe  of  the  downstream  embank¬ 
ment'.  The  discharge  then  flows  to  the  dis¬ 
charge  channel  of  the  24-inch  principal 
spillway  just  downstream  of  the  dam. 


*A~ii  elevations  are  referenced  to  a  Temporary  Bench  Mark 
located  on  the  top  center  of  the  principal  spillway,  24  inch 
C.M.P.,  at  the  inlet.  The  assumed  elevation  is  247.0  feet. 
3Facing  downstream. 
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The  emergency  spillway  system  consists  of  two 
natural  overflow  areas  adjacent  to  both 
abutments  of  the  dam.  The  left  emergency 
spillway  area  has  a  minimum  elevation  of  247.0 
feet  T.B.M.  and  an  average  width  of  approxi¬ 
mately  75  feet.  The  right  emergency  spillway 
area  has  a  minimum  elevation  of  249.1  feet 
T.B.M.  and  an  average  width  of  100  feet  (see 
Plate  2) . 

The  reservoir  is  fed  by  runoff  from  a  small 
(0.18  square  miles)  drainage  area  to  the  west 
of  the  dam.  Nearly  the  entire  drainage  area 
falls  within  the  Lake  Land’ or  residential 
community  project.  The  western  section  of 
the  watershed  is  primarily  farmland,  while 
the  eastern  section  is  open  woodland  with 
scattered  residences.  Present  development  is 
limited  to  just  a  few  houses,  however,  the 
area  has  been  sub-divided  into  lots,  creating 
the  potential  for  considerable  change  in  the 
watershed  char ac ter i sties . 

There  are  no  facilities  for  draining  the 
reservoir . 

1.2.2  Location:  Lake  Devolia  Dam  is  located  in 
Caroline  County,  Virginia  about  1.8  miles 
west  of  Ladysmith,  Virginia  and  about  0.3 
miles  north  of  VA  Route  639.  The  dam  is 
situated  just  offstream  from  an  unnamed 
tributary  to  South  River.  The  dam  is  in  the 
Lake  Land’ or  residential  community  project. 

A  Location  Plan  is  included  with  this  report 
in  Appendix  I . 

1.2.3  Size  Classification :  The  height  of  Lake 
Devolia  Dam  is  20.6  feet;  the  reservoir  stor¬ 
age  capacity  at  the  average  maximum  top  of 
the  dam  (elevation  250.4  feet  T.B.M.)  is  84 
acre-feet.  Therefore,  the  dam  is  in  the 
"small”  size  category  as  defined  by  the 
Recommended  Guidelines  for  Safety  Inspection 
of  Dams . 

1.2.4  Hazard  Classifications:  A  two- lane,  tar  and 
chip  roadway  runs  along  the  crest  of  the  dam. 
This  road  provides  access  to  a  portion  of  the 
Lake  Land’ or  development.  There  are  two 
highway  bridges,  VA  Route  622  and  U.S.  Route  1, 
located  0.57  and  2.35  miles  downstream  of  the 
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dam,  respectively.  At  the  U.S.  Route  1 
bridge  over  South  River,  a  housing  development 
and  trailer  park  are  located  on  the  left. 

The  majority  of  these  structures  are  approxi¬ 
mately  30  feet  above  the  stream,  but  several 
are  only  10  feet  above  the  stream.  Loss  of 
human  life  in  the  event  of  a  dam  failure  is 
not  considered  highly  probable.  However, 
economic  losses  due  to  damage  to  the  roadway, 
the  residences  at  U.S.  Route  1,  and  the  VA 
Route  622  highway  bridge  are  likely  in  the 
event  of  a  dam  failure.  Lake  Devolia  Dam  is 
therefore  considered  in  the  "significant" 
hazard  category  as  defined  by  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams . 

The  hazard  classification  used  to  categorize 
dams  is  a  function  of  location  only  and  is 
not  related  to  stability  or  probability  of 
failure. 

1.2.5  Ownership:  The  dam  is  owned  by  the  Lake 
Land'or  Property  Owner's  Association,  Box 
123,  Ladysmith,  Virginia  22501. 

1.2.6  Purpose :  Lake  Devolia  Dam  was  constructed 
for  recreational  purposes. 

1.2.7  Design  and  Construction  History:  Lake  Devolia 
Dam  was  constructed  in  1973  by  J.  R.  Houston. 
No  other  information  on  design  or  construction 
history  was  available  for  .use  in  this  report. 

1.2.8  Normal  Operating  Procedures:  The  reservoir 
level  is  maintained  automatically  by  the 
crest  of  the  24-inch  principal  spillway 
(elevation  245.0  feet  T.B.M.).  No  formal 
operating  procedures  are  followed  for  this 
structure . 

1.3  Pertinent  Data 


1.3.1  Drainage  Area:  The  drainage  area  tributary 
to  Lake  Devolia  Dam  is  0.18  square  miles. 

1.3.2  Discharge  at  Dam  Site:  The  maximum  discharge 
from  the  reservoir  is  unknown. 

Pool  level  at  minimum  top  of  dam: 

24-inch  Principal  Spillway  .  .  22  c.f.s. 
36-inch  Principal  Spillway  .  .  41  c.f.s 
Emergency  Spillway  .  280  c.f.s. 
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1.3.3 


Dam  and  Reservoir  Data:  Pertinent  data  on 
the  dam  and  reservoir  are  provided  in  the 
following  table: 

TABLE  1.1  DAM  AND  RESERVOIR  DATA 


_ Reservoir _ 

Capacity 

Elevation  Area  Acre-  Watershed  Length 
I  tern _ (feet  T.B.M.)  (acres)  feet  (inches)  (feet) 


Top  of  dam 
( average 
maximum) 

250.4 

13.7 

84 

8.8 

1400 

Left  emergency 
spillway  area 
(minimum) 

247.0 

9.6 

45 

4.7 

1170 

24-inch  principal 
spillway  invert 

245.0 

7.4 

28 

2.9 

1000 

Streambed  at  toe 

229.8 

- 

- 

- 

- 
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SECTION  2  -  ENGINEERING  DATA 


2.1  Design:  Design  plans,  specifications,  and  boring  logs 
were  not  available  for  use  in  preparing  this  report.  No 
stability  analyses  or  hydrologic  and  hydraulic  data  were 
available  for  review. 

2.2  Construction:  Construction  records,  as-built  plans,  and 
inspection  logs  were  not  available  for  review. 

2.3  Evaluation:  No  design  or  construction  records  were 
available  for  use  in  assessing  the  condition  of  the  dam. 
All  evaluations  and  assessments  in  this  report  were 
based  upon  field  observations,  conversations  with  repre¬ 
sentatives  of  the  owner,  and  office  analyses. 
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SECTION  3  -  VISUAL  INSPECTION 


3 . 1  Findings 

3.1.1  General:  The  field  inspection  was  conducted 
on  28  October  1980.  At  the  time  of  the 
inspection,  the  pool  elevation  was  at  244.5 
feet  T.B.M.;  there  was  no  ponded  tailwater; 
and  the  weather  was  overcast  with  intermittent 
rain  and  temperatures  between  45  and  50 
degrees  Fahrenheit.  The  ground  surface  at 
the  embankment  and  abutments  was  damp.  The 
dam  and  appurtenant  structures  were  found  to 
be  in  poor  to  fair  overall  condition  at  the 
time  of  the  inspection.  Deficiencies  found 
during  the  inspection  will  require  further 
investigation  and  remedial  treatment.  The 
following  are  brief  summaries  of  deficiencies 
found  during  the  inspection.  A  field  sketch 
of  conditions  found  during  the  inspection  is 
presented  as  Plate  1  in  Appendix  I.  The 
complete  visual  inspection  checklist  is 
provided  in  Appendix  III.  No  record  of  any 
previous  inspections  was  found. 

3.1.2  Dam:  The  embankment  was  found  to  be  in  gen¬ 
erally  poor  overall  condition.  The  upstream 
embankment  has  been  moderately  eroded  from 
precipitation,  runoff,  and  wave  action. 

There  was  no  riprap  observed  on  the  upstream 
embankment  and  the  vegetative  cover  was  poor 
(Photo  8).  The  downstream  embankment  is 
moderately  to  severely  eroded.  The  lower 
left  section  of  the  embankment  is  the  most 
severely  eroded  (Photo  6).  The  toe  of  the 
downstream  embankment  has  been  badly  eroded, 
particularly  the  right  side  where  the  24-inch 
principal  spillway  discharge  channel  runs 
along  the  toe  (Photo  7).  A  50  foot  long 
seepage  area  was  observed  along  the  left 
downstream  toe  of  the  embankment.  Pine  trees 
up  to  six  feet  in  height  have  seeded  onto  the 
downstream  embankment. 

The  abutments  show  little  erosion  with  the 
exception  of  the  junction  of  the  downstream 
embankment  and  the  right  abutment.  This  area 
has  been  badly  eroded  by  discharges  from  the 
24-inch  principal  spillway  (Photos  2  and  7). 
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No  evidence  of  an  internal  drainage  system, 
was  found  during  the  inspection. 

3.1.3  Appurtenant  Structures:  The  appurtenant 
structures  appear  to  be  in  fair  overall 
condition. 

The  24-inch  principal  spillway  was  not  protected 
with  a  screen  or  trash  rack.  Trash  (logs, 
etc.)  was  present  in  and  near  the  inlet  and 
debris  (logs)  was  present  in  the  outlet.  The 
inlet  area  of  the  24-inch  principal  spillway 
was  not  protected  by  riprap.  The  outlet  area 
was  riprapped,  however,  most  of  the  riprap 
has  been  washed  away  and  the  24-inch  principal 
spillway  outlet  pipe  has  been  undercut  by 
about  2  feet  due  to  erosion.  The  discharge 
channel  for  the  24-inch  principal  spillway 
has  been  severely  eroded,  forming  a  ditch  up 
to  four  feet  deep. 

The  36-inch  principal  spillway  was  protected 
by  a  section  of  steel  screen  (3/4-inch  mesh) 
held  loosely  against  the  lower  half  of  the 
inlet  with  a  steel  stake  (Photo  3).  The 
screen  was  not  clogged.  The  inlet  area  was 
not  protected  by  riprap.  The  outlet  area  of 
the  36-inch  principal  spillway  is  protected 
by  half-sections  of  54-inch  C.M.P.  These 
half-  sections  do  not  extend  all  the  way  down 
the  embankment  (Photo  4).  Discharges  empty 
from  the  half-sections  onto  riprap  just  above 
the  toe  of  the  dam.  The  half- sections  of  54- 
inch  C.M.P.  are  not  anchored.  Some  erosion, 
due  to  drainage  from  the  crest,  was  observed 
around  the  top  of  the  outlet  pipe  of  the  36- 
inch  principal  spillway. 

The  left  and  right  emergency  spillway  areas 
are  natural  overflow  areas  adjacent  to  the 
left  and  right  abutments  of  the  dam  (Plates  1 
and  ~2 ) .  There  is  no  riprap  on  either  side  of 
the  two  lane  tar  and  chip  road  that  passes 
through  the  spillway  areas  and  onto  the  crest 
of  the  dam. 

No  facilities  for  draining  the  reservoir  were 
observed  during  the  inspection. 

3.1.4  Reservoir  Area:  The  slopes  around  the  reser¬ 
voir  are  very  gentle.  The  area  immediately 
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surrounding  Lake  Devolia  is  the  site  of  a 
large  scale  residential  development  called 
Lake  Land 'or.  A  few  residences  had  been 
constructed  at  the  time  of  the  inspection, 
but  the  area  was  still  primarily  woodlands 
with  some  open,  grassy  spots.  The  banks  of 
the  reservoir  were  well  vegetated  with  medium 
to  tall  grasses  and  some  trees.  No  signifi¬ 
cant  erosion  of  the  reservoir  banks  was 
observed.  The  extent  of  sedimentation  was 
not  directly  observed,  but  it  is  not  expected 
to  be  significant.  Soundings  at  the  time  of 
inspection  indicated  the  depth  of  the  reser¬ 
voir  to  be  about  11  feet  approximately  100 
feet  offshore  from  the  embankment. 

3.1.5  Downstream  Channel:  The  downstream  channel 
beyond  the  immediate  discharge  area  is  a  well 
defined,  natural  channel  and  is  free  of  any 
significant  debris  or  other  obstructions. 

The  slope  of  the  downstream  channel  is  less 
than  one  percent. 

3.1.6  Instrumentation:  There  was  no  instrumenta¬ 
tion  at  the  dam  site  at  the  time  of  the 
inspection. 

3.2  Evaluation :  In  general,  the  dam  and  appurtenant  struc¬ 
tures  were  found  to  be  in  poor  overall  condition.  All 
areas  of  erosion  on  the  embankment  should  be  filled, 
regraded,  recompacted,  and  a  good  grass  cover  should  be 
established  over  the  entire  dam.  The  pine  trees  should 
be  removed  and  the  embankment  mowed  regularly.  Riprap 
should  be  placed  on  the  upstream  embankment  to  minimize 
erosion  from  wave  action. 

The  discharge  area  and  channel  for  the  24-inch  principal 
spillway  should  be  cleared  of  debris.  The  eroded 
discharge  outlet  should  be  filled  and  the  riprap 
replaced.  The  existing  eroded  discharge  channel  should 
be  filled,  compacted,  and  seeded.  A  new  riprapped 
channel  should  be  built  away  from  the  toe  of  the  down¬ 
stream  embankment  to  carry  the  discharge  from  the  24- 
inch  principal  spillway  away  from  the  dam.  The  inlet 
for  the  24-inch  principal  spillway  should  be  cleared  of 
debris  and  a  trash  rack  or  screen  installed  to  prevent 
obstruction  of  flow. 

The  partial  screen  at  the  inlet  to  the  36-inch  principal 
spillway  should  be  replaced  with  a  full  trash  rack  or 
screen  to  prevent  obstruction  of  flow.  The  eroded  area 
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!  around  the  top  of  the  outlet  for  the  3 6- inch  principal 

spillway  should  be  riprapped.  The  discharge  channel 
consisting  of  half-sections  of  54-inch  C.M.P.  should  be 
anchored  and  extended  beyond  the  toe  of  the  embankment. 
Riprap  should  be  placed  around  the  end  of  the  discharge 
channel  to  protect  the  toe  from  erosion. 

Riprap  should  be  installed  upstream  and  downstream  of 
the  roadway  that  passes  through  the  natural  left  and 
right  emergency  spillway  areas  to  prevent  erosion  to 
the  left  and  right  abutments  of  the  dam. 

The  seep  area  should  be  examined  at  regular  intervals 
and  after  periods  of  heavy  rains  for  turbidity  and/or 
an  increase  in  flow,  which  may  indicate  the  potential 
for  piping  of  embankment  material.  If  turbidity  or 
increased  flows  are  noted,  a  qualified  geotechnical 
engineering  firm  should  be  retained  to  perform  a  sta¬ 
bility  check  of  the  dam. 

A  staff  gage  should  be  installed  to  monitor  reservoir 
levels  above  normal  pool. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  Procedures :  Operation  of  the  dam  is  an  automatic 
function  controlled  by  the  principal  spillways  and  the 
left  and  right  emergency  spillway  areas.  Water  entering 
the  reservoir  flows  into  the  24-inch  principal  spillway 
at  elevation  245.0  feet  T.B.M.  When  the  inflow  is 
sufficient,  the  reservoir  level  rises  above  elevation 
245.4  feet  T.B.M.  and  discharges  through  the  36-inch 
princial  spillway.  When  the  reservoir  level  rises 
above  elevations  247  and  249.1,  water  will  discharge 
through  the  left  and  right  emergency  spillway  areas, 
respectively. 

4.2  Maintenance  of  Dam:  Maintenance  of  the  dam  is  the 
responsibility  of  the  owner.  An  inspection  or  mainte¬ 
nance  schedule  has  not  been  instituted. 

4.3  Maintenance  of  Operating  Facilities:  There  are  no 
operating  facilities  at  the  dam. 

4.4  Warning  System:  At  the  present  time,  there  is  no 
warning  system  or  emergency  action  plan  in  operation. 

4.5  Evaluation:  Past  maintenance  of  the  dam  has  been 
inadequate.  Regular  inspections  should  be  made  of  the 
dam  and  appurtenant  structures.  A  thorough  check  list 
should  be  compiled  for  use  by  the  owner's  representative 
as  a  guide  for  the  inspections.  Maintenance  items 
should  be  corrected  annually.  A  warning  system  and 
emergency  action  plan  should  be  developed  and  put  into 
operation  as  soon  as  possible. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC  DATA 


5.1  Design:  No  design  data  were  available  for  use  in 
preparing  this  report. 

5.2  Hydrologic  Information:  No  rainfall,  stream  gage  or 
reservoir  stage  records  are  maintained  for  this  dam. 

5.3  Flood  Experience:  No  records  were  available. 

5.4  Flood  Potential:  The  Probable  Maximum  Flood  (PMF), 

1/2  Probable  Maximum  Flood  (1/2  PMF),  and  100-year  flood 
were  developed  and  routed  through  the  reservoir  by  use 
of  the  HEC-1  DB  computer  program  (Reference  9,  Appendix 
IV)  and  appropriate  unit  hydrograph,  precipitation  and 
storage-outflow  data.  Clark1 s  Tc  and  R  coefficients 
for  the  local  drainage  areas  were  estimated  from  basin 
characteristics.  The  rainfall  applied  to  the  unit 
hydrograph  was  taken  from  publications  by  the  U.S. 

Weather  Bureau  and  the  National  Oceanic  and  Atmospheric 
Administration  (References  16  and  17,  Appendix  IV). 
Rainfall  losses  for  the  PMF  and  1/2  PMF  were  estimated 
at  an  initial  loss  of  1.0  inches  and  a  constant  loss 
rate  of  0.05  inches  per  hour  thereafter.  Rainfall 
losses  for  the  100-year  flood  were  estimated  at  an 
initial  loss  of  1,5  inches  and  a  constant  loss  rate  of 
0.15  inches  per  hour  thereafter. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data 
are  provided  in  Table  1.1,  Paragraph  1.3.3. 

Regulation  of  flow  from  the  reservoir  is  automatic. 

Normal  flows  are  maintained  by  the  crest  of  the  24-inch 
principal  spillway  at  elevation  245.0  feet  T.B.M. 

Water  also  flows  through  the  36-inch  principal  spillway 
in  the  event  water  in  the  reservoir  rises  above  an 
elevation  of  245.4  feet  T.B.M.  When  the  reservoir  level 
rises  above  elevations  247.0  and  249.1,  water  will  dis¬ 
charge  through  the  left  and  right  emergency  spillway 
areas,  respectively. 

Outlet  discharge  capacity  was  computed  by  hand;  reservoir 
area  was  estimated  from  the  Ladysmith,  Virginia,  7.5 
minute  USGS  quadrangle;  and  storage  capacity  was  computed 
by  the  HEC-1  DB  program.  All  flood  routings  were  begun 
with  the  reservoir  at  normal  pool.  Flow  through  the 
principal  spillways  was  included  in  the  routings. 

5.6  Overtopping  Potential:  The  probable  rise  of  the  reser¬ 
voir  and  other  pertinent  information  on  reservoir 
performance  are  shown  in  the  following  table: 
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TABLE  5.1  RESERVOIR  PERFORMANCE 


_ Hydrographs _ 

100-year  1/2 

Item _ _ _  Normal1  flood _  PMF  PMF2 


Peak  flow,  c.f.s. 


Inflow 

0.5 

569 

1478 

2955 

Outflow 

0.5 

125 

1197 

2783 

Peak  elev. ,  ft.  T.B.M. 

Left  emergency  spill¬ 
way  area1 

(elev.  247.0  ft.  T.B.M. ) 

248.3 

250.1 

250.8 

Depth  of  flow,  ft. 

- 

1.3 

3 . 1 

3.7 

Average  velocity,  f.p.s. 

- 

5.3 

8.2 

8.9 

Duration  of  flow,  hrs. 
Non-overflow  section* 

(elev.  249.1  ft.  T.B.M. ) 

4.3 

10.7 

20.2 

Depth  of  flow,  ft. 

- 

- 

1.0 

1.6 

Average  velocity,  f.p.s. 
Total  duration  of  over¬ 

"" 

” 

4.6 

5.9 

topping,  hrs. 

Tailwater  elev.. 

• 

— 

1.2 

3.2 

ft.  T.B.M. 

230.0 

- 

- 

- 

‘Approximate,  no  flow  at  time  of  inspection. 

2The  PMF  is  an  estimate  of  flood  discharges  that  may  be 
expected  from  the  most  severe  combination  of  critical 
meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  a  region. 

‘Velocity  estimates  were  based  on  critical  depth  at  control 
section. 

5.7  Reservoir  Emptying  Potential:  There  are  no  facilities 
for  draining  the  reservoir. 

5.8  Evaluation:  Lake  Devolia  Dam  is  a  "small"  size  - 
‘’significant"  hazard  dam  requiring  evaluation  for  a 
spillway  design  flood  (SDF)  in  the  range  between  the 
100-year  flood  and  the  1/2  PMF.  Due  to  the  risk  in¬ 
volved,  the  1/2  PMF  has  been  selected  as  the  SDF. 

The  1/2  PMF  was  routed  through  the  reservoir  and  found 
to  reach  a  maximum  water  surface  elevation  1.0  feet 
above  the  minimum  top  of  dam  elevation  (elevation 
249.1  feet  T.B.M.).  The  spillways  are  capable  of  pass¬ 
ing  up  to  23  percent  of  the  PMF  without  overtopping  the 
dam. 

Conclusions  pertain  to  present  conditions  and  the 
effect  of  future  development  on  the  hydrology  has  not 
been  considered. 


NAME  OF  DAM:  LAKE  DEVOLIA  DAM 


SECTION  6  -  DAM  STABILITY 


6.1  Foundation  and  Abutments:  No  previous  information 
describing  local  subsurface  conditions  was  available 
for  the  visual  inspection  or  subsurface  analyses.  The 
dam  is  located  along  the  border  separating  the  Piedmont 
and  the  Coastal  Plain  physiographic  provinces.  The 
topography  of  the  Piedmont  (probably  the  most  appli¬ 
cable)  generally  consists  of  rolling  hills  and  gentle 
slopes  with  relief  less  than  150  feet.  Granite  gneiss 
of  uncertain  age  is  shown  on  the  State  geologic  map  as 
underlying  the  dam.  Bedrock  outcrops  were  not  observed 
in  the  area  of  the  dam  during  the  field  inspection.  It 
is  not  known  how  the  dam  was  keyed  -into  the  foundation 
and  abutments.  Relatively  thick,  primarily  residual 
soils  are  expected  to  be  present  beneath  the  dam.  The 
Piedmont  physiographic  province  is  reported  to  contain 
widespread,  thick  (50-150  feet)  residual  soils. 

6 . 2  Embankment 

6.2.1  Materials :  Documented  information  describing 
the  nature  of  the  embankment  materials  or  any 
zoning  within  the  dam  was  not  available  for 
this  inspection.  During  the  field  inspection, 
the  outer  embankment  materials  were  determined 
to  be  comprised  of  red  to  brown  sandy  silt 
containing  a  little  fine  to  medium  gravel  (ML 
group  soil  -  Unified  Classification  System). 
These  materials  were  almost  certainly  obtained 
locally.  The  area  immediately  downstream  of 
the  dam  (north  side)  appears  to  have  been  a 
borrow  area. 

6.2.2  Stability:  Design  plans  and  the  results  of 
any  previous  stability  analyses  were  not 
available  for  use  during  this  evaluation. 
Therefore,  the  embankment  is  assumed  to  be  a 
homogeneous  type.  The  dam  is  20.6  feet  high 
with  a  minimum  crest  width  of  28  feet.  The 
upstream  slope  was  determined  to  be 

2 . 04-2 . 45H: IV.  The  downstream  slope  varied 
between  2 . 24-2 . 56H: IV .  No  facilities  are 
available  for  draining  the  reservoir. 

According  to  guidelines  outlined  in  Design  of 
Small  Dams  by  the  U.S.  Department  of  the 
Interior,  Bureau  of  Reclamation,  the  upstream 
slope  of  a  small  homogeneous  dam  constructed 
of  slighly  plastic  fine  grained  soils  (CL, 
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ML),  with  a  stable  foundation,  should  be 
3H:1V  if  the  dam  is  not  subject  to  rapid 
drawdown.  The  downstream  slope  recommended 
is  2.5H:1V.  A  crest  width  of  14.1  feet  is 
recommended,  considering  the  height  of  the 
dam.  Based  on  these  guidelines,  the  upstream 
slope  is  inadequate,  the  downstream  slope  is 
locally  too  steep,  while  the  crest  width  is 
more  than  adequate. 

Signs  of  instability  in  the  dam  such  as 
slumping,  tension  cracks,  or  unusual  alignment 
along  the  crest  were  not  observed  during  the 
visual  inspection.  However,  the  downstream 
embankment  (particularly  the  lower  one  half) 
is  moderately  to  severely  eroded  while  the 
upstream  embankment  is  moderately  eroded.  In 
addition,  a  deep  (up  to  4  feet)  channel  has 
been  eroded  by  discharges  from  the  24- inch 
principal  spillway  along  the  junction  of  the 
right  abutment  with  the  downstream  embank¬ 
ment.  A  long  seepage  area  (50  feet)  occurs 
along  the  left  toe  of  the  dam.  The  seepage 
appears  to  be  occurring  from  in-place  founda¬ 
tion  soils  (mottled  light  gray  to  brown 
slightly  silty  sand)  which  are  exposed  along 
the  toe  due  to  erosion.  Flow  from  the  seepage 
area  was  almost  imperceptible.  Even  though 
an  internal  drainage  system  for  the  dam  was 
not  provided,  the  lower  section  of  the  down¬ 
stream  embankment  was  relatively  dry. 

6.2.3  Seismic  Stability:  The  dam  is  located  in 

Seismic  Zone  2  which  presents  no  hazard  from 
earthquakes  according  to  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams  by 
the  Department  of  the  Army,  Office  of  the 
Chiefs  of  Engineers.  This  determination  is 
contingent  on  the  requirements  that  static 
stability  conditions  are  satisfactory  and 
conventional  safety  margins  exist. 

6.3  Evaluation:  The  results  of  a  previous  stability 

analysis  were  not  available  for  comparison  as  part  of 
this  evaluation  of  the  Lake  Devolia  Dam.  Sections  of 
the  downstream  embankment  of  the  dam  are  slightly 
steeper  than  the  grade  recommended  by  the  Bureau  of 
Reclamation  guidelines.  The  upstream  embankment  appears 
to  be  overly  steep  due  to  the  erosion  that  has  gone 
unchecked  above  the  water  line.  However,  the  crest  is 
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significantly  wider  than  that  recommended  by  the 
guidelines . 


Extensive  repairs  for  damage  from  erosion  on  the  upstream 
and  downstream  embankments  and  along  the  right  downstream 
toe  of  the  dam  must  be  completed.  The  seepage  area 
along  the  toe  of  the  dam  should  be  monitored  at  regular 
intervals  and  after  periods  of  heavy  inflow  to  the 
impoundment  to  detect  possible  flow  increases  or  turbidity 
which  may  indicate  a  potential  for  piping  of  dam  materials. 
If  these  conditions  are  observed,  a  qualified  engineering 
firm  should  be  retained  to  perform  a  stability  check  of 
the  dam. 

The  principal  spillways  are  inadequate  to  pass  the  SDF 
(as  described  in  Section  5  of  this  report).  Overtopping 
flows  are  relatively  shallow,  last  for  1.2  hours  and 
the  velocity  is  less  than  6.0  feet  per  second  (f.p.s.), 
the  effective  eroding  velocity  for  a  vegetated  earth 
embankment.  However,  the  depth,  duration  and  rate  of 
overtopping  flows  are  considered  to  be  potentially 
detrimental  to  the  stability  of  the  embankment  considering 
the  present  eroded  and  sparsely  vegetated  condition. 
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SECTION  7 


ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment:  No  engineering  data  were  available  for 
use  in  preparing  this  report.  Deficiencies  discovered 
during  the  field  inspection  and  office  analyses  will 
require  further  investigation  and  remedial  treatment. 

The  dam  and  appurtenant  structures  are  generally  in 
poor  condition.  Maintenance  of  the  dam  is  considered 
inadequate . 

Using  the  Corps  of  Engineers’  screening  criteria  for 
initial  review  of  spillway  adequacy,  the  1/2  PMF  was 
selected  as  the  SDF  for  the  ’’small”  size  -  ’’significant” 
hazard  classification  of  Lake  Devolia  Dam.  It  has  been 
determined  that  the  SDF  would  overtop  the  dam  by  a 
maximum  depth  of  1.0  feet  with  an  average  critical 
velocity  of  4.6  f.p.s.  The  total  duration  of  over¬ 
topping  would  be  1.2  hours.  The  principal  and  emergency 
spillways  are  capable  of  passing  up  to  46  percent  of 
the  SDF  or  23  percent  of  the  PMF  without  overtopping 
the  dam. 

The  spillways  are  adjudged  as  inadequate,  but  not 
seriously  inadequate.  The  spillways  have  not  been 
adjudged  as  seriously  inadequate  since  there  is  not  a 
high  hazard  of  loss  of  life  from  large  flows  downstream 
of  the  dam.  However,  overtopping  could  be  detrimental 
to  the  dam,  considering  the  present  eroded  and  sparsely 
vegetated  condition  of  the  downstream  embankment. 

The  upstream  and  downstream  faces,  the  junction  of  the 
right  abutment  with  the  downstream  slope,  and  the  toe 
of  the  dam  all  have  erosion  problems.  The  vegetative 
cover  is  poor.  Debris  and  trash  have  accumulated  in 
and  around  the  principal  spillways  and  discharge  channels. 
A  large  seep  area  was  observed  at  the  left  downstream 
toe  of  the  embankment. 

There  is  no  warning  system  or  emergency  action  plan 
currently  in  operation. 

7.2  Recommended  Remedial  Measures:  The  seep  area  should  be 
examined  at  regular  intervals  and  after  periods  of 
heavy  rains  for  any  signs  of  increased  flow  or  turbidity, 
which  may  indicate  the  potential  for  piping  of  embank¬ 
ment  material.  If  increased  flow  from  the  seep  area  or 
turbidity  are  noted,  a  qualified  geotechnical  engineer¬ 
ing  firm  should  be  retained  to  perform  a  stability 
check  of  the  dam. 
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A  warning  system  and  emergency  action  plan  should  be 

developed  and  put  into  operation  as  soon  as  possible. 

The  emergency  action  plan  should  list  steps  to  be  taken 

to  help  prevent  failure  of  the  dam  in  an  emergency. 

The  following  measures  should  be  undertaken  as  part  of 

a  regularly  scheduled  inspection  and  maintenance  program 

1)  The  left  half  of  the  downstream  slope  should  be 
filled  to  a  minimum  slope  of  2.5H:1V,  compacted, 
graded,  and  seeded.  A  rock  toe  drain  with  proper 
filter  should  be  constructed  initially. 

2)  Fill,  regrade,  and  recompact  all  areas  of  erosion 
on  the  embankment  and  establish  a  good  grass  cover 
over  the  entire  dam. 

3)  Riprap  should  be  installed  upstream  and  downstream 
of  the  roadway  that  passes  through  the  natural 
left  and  right  emergency  spillway  areas  to  prevent 
erosion  to  the  left  and  right  abutments  of  the 
dam. 

4)  Place  riprap  on  the  upstream  embankment  to  minimize 
erosion  due  to  wave  action. 

5)  Clear  the  debris  from  the  24-inch  principal  spill¬ 
way  inlet,  discharge  area,  and  downstream  channel. 

6)  Repair  and  riprap  the  eroded  outlet  area  for  the 
24-inch  principal  spillway.  Also,  riprap  around 
the  outlet  of  the  36-inch  spillway. 

7)  Fill  in,  compact  and  reseed  the  existing  discharge 
channel  for  the  24-inch  principal  spillway  and 
construct  a  new  riprapped  discharge  channel  away 
from  the  toe  of  the  downstream  embankment. 

8)  Install  trash  racks  or  screens  at  the  inlets  to 
the  24-inch  and  36-inch  principal  spillways  to 
prevent  obstruction  of  flow. 

9)  Anchor  the  half-sections  of  54-inch  C.M.P.  to  the 
embankment  to  prevent  slippage. 

0)  Extend  half-sections  of  pipe  in  the  discharge 

channel  for  the  36-inch  principal  spillway  beyond 
the  toe  of  the  embankment  and  tie  in  with  the  new 
24-inch  principal  spillway  discharge  channel. 
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11)  Install  a  staff  gage  to  monitor  reservoir  levels 
above  normal  pool . 

12 )  The  pine  trees  seeded  onto  the  embankment  should 
be  removed  and  the  embankment  mowed  regularly. 
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PLATES 


CONTENTS 


Location 
Plate  1: 
Plate  2: 
Plate  3: 


Plan 

Field  Sketch 

Top  of  Dam  Profile 

Typical  Cross-Section 
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Photo 

Photo 

Photo 

Photo 
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Photo 

Photo 

Photo 

Note : 


1:  24-inch  Spillway  Inlet 

2:  Trash  in  24-inch  Spillway  Outlet 

3:  36-inch  Spillway  Inlet,  Steel  Mesh  Trash  Screen 

4:  36-inch  Spillway  Outlet,  Half-sections  CMP 

Extending  Down  Embankment 

5:  Downstream  Embankment  Overview 

6:  Erosion  of  Downstream  Embankment,  Seepage  Area 

Along  Toe  of  Dam 

7:  Eroded  Ditch  Along  Right  Toe  from  24-inch 

Spillway  Discharges 

8:  Erosion  and  Sparse  Vegetation  on  Upstream 

Embankment 

Photographs  taken  on  28  October  1980. 


NAME  OF  DAM:  LAKE  DEVOLIA  DAM 


LAKE  DEVOLIA  DAM 


till 


LAKE  DEVOUA  DAM 


PHOTO  6.  Erosion  of  Downstream  Embankment,  Seepage  Area  Along 

Toe  of  Dam 


PHOTO  8.  Erosion  and  Sparse  Vegetation  on  Upstream  Embankment 


APPENDIX  III 


VISUAL  INSPECTION  CHECK  LIST 


David  W.  Hupe  Recorder 


VISUAL  EXAMINATION  OF _ OBSERVATIONS _ REMARKS  OR  RECOMMENDATIONS 


10  *co 

00>|4J>,OP'O 
A  P  O  E  C  P  0) 

0  O  0  P  03  P  TJ 

tj  cnTJ  e  (D  c  o 

d  >  x:  0  d  d  0  gw 

o  tn  0  0  t^p  m 


o  tn  0  0  t^p  ^ 

-CT3*HP^d)04C 
W  OH+J  £  M  0  - 

uni)  a;  a  c 

CO  O'  0  C  T5  XI  g  O 

o  p  5  0  0  0  p 

0  0  in  o  x:  tj  tn 

P  5)T3^0hEO 
P  T3  g  D  ro  P 

C  P  0  O  0J  0) 

h  dj  d)  ^  •  o)  a  u 

P  >  P  P  X3  M  P  0 

0  T3  0  P  C  W  CSJ 

E  (D  O  C  <Dt3  a  CUP 

in  >  0  g  p  0  D  g 

O  d)  ^  D  P  P 

(ue>a)coaa)c 
x:  0  p  x:  (U  -c  -h  x  -h 
EnppPXitnftfPg 


p  003 
p  T3 
c  p  0 


T3 

P  TJ  • 

id  a)  -a 

!  O  T3  0 

I  X2  M-»  (0(J)  H 

;  W  O  PO  P 

CTp  0 

;  <D  <U 

ci  a  tn 

I  O  O  TJ  u  C 

P  P  (DO-H 
i  to  in  P  u 

O  0 

1  CU  03  0#<  A 

0  a 

'  03  O  £  TJ 


<d  a 
a>  o  E 
p  p  o 

1  CO  ore  d 

'O  d)  o 

!  03  0  s,fO  -C 
x:  rH  >  d)  tf) 
phhii 
*H  ••  CO  C 
x:  p  2  p 
P  LO  ^3  03 
•HO)  •  C  P 
2  X3  <N  ct3  TJ 


<v 

1  03  P  X 

P  O  g  P  A  P  g 

o 

• 

O  P  rH  P 

CO  P  03  d  Eh  0  03 

03 

>1 

P  03  03 

03  O  03 

P 

p 

P  03 

P  P  XT  CO 

o  a  03  g  g  a  p 

P  P 

O 

C  5 

P  03  •H 

0  O  A  M  O  •  p 

3  s 

03  1  rH 

03  TJ  P 

p  p  d  p  C  >1  CO 

in  a) 

03 

E  tn  h 

a  o  p  p 

tn  oJ  p  o  p  0u 

E 

0  4*  P  P 

^  E  a)  c 

cn  03  O  A  P  P  D 

tj  p 

P 

dTJ  04 

Ip  o 

P  03  P  g  TJ  p  03 

c  g 

OJ 

03  t0 

P  CO  E 

P  d  03  0  O  P  0) 

3  £ 

XI  >i 

1  G  P  0  TJ  P  O  T3  0  0  X: 

O  0 

d) 

ex  • 

cu  x:  c 

d  E  O  c  P 

P 

O 

0)  c 

g  ^  Eh  03 

03  0  03  OJ  P  0  0 

tpTJ 

P 

T3  P 

^  P  A 

d  0  0  0  >  cri  c 

C 

E  <13 

C  »H  E 

TJ  P  TJ  p  0  O 

d) 

a) 

03  »d  rr 

03  03  •  03 

0  cu  0  P  >i  £  cn 

x:  t 

a 

03  O  <N 

A  A  'O 

tj  0  cn  p  p  a 

H  p 

u  u 

E  03  E 

0  cn  CL,  0  TJ  0 

c 

P  03  03 

<D  P  T  <0 

p  •  d  p  d  p  p 

0 

to  x: 

03  O  03 

0  0  0  0  0  a. 

•  £ 

• 

G  >iP 

E  S  P  P 

>  >  0  p  >  p 

TJ 

03  O  0)  P 

>ip  0  x:  0  d  o  p 

a;  5 

dJ 

O'O  E 

0)  P  CO 

P  ••  x:  EH  TJ  O  O 

>  £ 

> 

TJ  03  O 

P  >ig 

0  2  OP  O 

P  -9 

P 

XJ  P 

P  0)  P  ? 

p  <n  x:  g  p  0  c 

Hi  c  ; 

0 

p  p 

cn  x:  a)  o 

0  .  cn  •  0  > 

w  <u  Oi 

CO 

x:  c 

C  P  P  TJ 

>  ™  p  p  d  p  p  w 

p  g 

X3 

O'  0  W 

S  03 

0  x:  d  0  p  p  p 

o  3!  *3 

0 

P  03  0) 

O  >1  >  03 

cn  p  0  0  Q*  0 

x:  tj 

PX5  O' 

TJ  p  03  x: 

D  •  g  A  P  P  0 

0  ^  « 

03 

P 

P  CO  P 

0  O  P  ^  O  0  P 

c  m 

C 

0)  to  03 

03  03 

p  X  p  den  0  cn0 

o  tJ  2 

0 

x:  o3  x: 

x:  p  o  p 

0  0  0  0  P  0  A 

2  to  i 

2 

p  x;  u 

Eh  O  P  O 

£^x>AAQ4>& 

a 

p  2  w 


D  (5  w 
2  a  x 
DUE-* 


a:  ^  tn 

O  2  CP 

D  <  04 

sss 

WWW 


III-2 


of  Dam  LAKE  DEVOLIA 


VISUAL  EXAMINATION  OF  OBSERVATIONS  _  REMARKS  OR  RECOMMENDATIONS 


<D 


0)  0) 

0)  03 

P  <D  P 

X J  c  <d  d)  ?  1 

<  P  D 

d)  -P  <l>  P  O  O  O  S  1 

p 

XI  P 

C  (dP<d  r-4  d)  P  p  4-J 

i  fd 

•H  TJ  2  >i  • 

•H  d  P  O  O  (DO 

oi  E 

a  »hiw  <tj  g 

g  C  C  *P  C  W  P  a 

d>  P 

0  TJ  D  5  fd 

<d  <d  >i*p  'O  -h  x>  xj 

d)  P  o 

p  a)  o  >i  *  T3 

x  >  c  0  d>a>cnoo 

p  c 

03  -M  x:  <D 

(D  0)  KJ  P  H  -H  •  03  *P  C  P  d) 

p 

fd  01  >  TJ  d> 

H  (D  0  Cb  H  ns  P  P  JC 

X3  0  (D 

h  u  c  c  p 

0)  Id£\>i  (d<D-HPXJO 

H  P  > 

0)  a)  «H  o  <d  P 

P  >  ddP'HPHOXD 

a  *p  o 

C  CP  <u  o 

PPCEOpOrd<DC>i 

0  C  P 

c  <d  c  p  p 

XJ  <D  O  <d  4-4  <D  C  D  C  *H  *P 

p  o  <d 

(O  C  0  W  0 

H  D  P  P  -P  CT-P  <d  *P 

03  £ 

X  0  nJ  rtJ 

3co3>iU«H<d  tr>  p  <— i 

03 

o  p  p  a)  o 

o*PXP*pfdEPfdc(D*P 

0)  0  rH 

yo  o 

p  o-px:-p  o  <DPXJ 

g>p  <D 

TJ  X3  <D  03  P 

03  p  *p  xj  5  p  p  -  fd 

fd  > 

d>  C  TJ  P  0) 

<d  P  -P  C  C  >iXJ  «H  dJ  P 

CTXJ  <D 

-d  <o  0)  u  O'O 

0*P  <D  P  *<Dd)P<DfdP03  • 

CD  rH 

o  a  a  p  p 

(DDap^-pg.ppo  e 

P  rH 

p  tj  0  p  <d  p 

<do>  ooo^dO-Hdflj'o 

P  rP  P 

a)<D(Tj«Px: 

03  (DP-P-P  0  C  *P  C  C— I'D 

(d  fd  *p  • 

Hptnug 

p  d)  P  fd  P  x:  3  E 

P  P  0  <h 

a)  «-»  0  c  cn  o 

0)  PP  d)X3PO)OOPO) 

03  03  >  o 

p  *h  -p  o  *h  p 

x:ppocx:E^Pd)x:ox: 

C  P  0 

Eh  P  p  o  T3  P 

Eh  tdfd^-i-pp  d)PfdPo)4HP 

<  -p  d)  0 

p 

p 

0)  D 'd 

P  -M  E 

x:  o  c  d) 

•h  a<o  4J 

pi  u  <d  x:  p  p 

5  0)  <u  c  g 

03  XJ  O  03  P  O  X3 

O  p  a)  O 

p  p  o  c  tr>  d) 

P  X  P  g  P 

DO  O  >t  C  -P  o 

c  <D  03  -p  P 

u  PPP-Poi^itd 

0  co 

O  Q>  O  *P  (D  *H 

£  tj  5  p  <u 

OOC03-PXIC  (DO, 

x  a)  0  <d  O' 

p  p  oi  <d  x: 

C  TJ  TJ  P 

03  03  (d  01  Eh  C 

(d  O  P  <d 

0  e  <d  0  >i  o  *p 

p  p  <d  p  p 

P  fd  3  CbH  Cl  C 

1  0X  cnu 

rd  d)  a  p  X  -P  •  d) 

d)  p  -p  cn 

p  5  fd  x:  d)  a  cnxi 

P  P  *H 

d>  P  0  &  -PC 

OOP  • 

a^oiP  <D*p  ooi-ho 

p  c  o  <u  >i 

rd  CP  CP*P-X3  P  p 

p  x;  >i  (d 

04  X  fd  03  P 

a  c-px  ^ 

<D  O  d)  0  O  •  O  03 

4-1  P  O  rH 

dJXPCD  -PPOP 

O  <d  -H  P  XJ  *H 

03  X3  <D  >i  C  O  <d 

-P  P  <U  «P 

4J/dw0d0o0 

01  01  O  -P  XJ  0 

CnP  d)  P  C  E  0 

XI 

C  P  C  £  0  03 

C<DP(DCTD^<D0 

<D 

O  C  O  P 

O^PDX:  OCX3fd 

> 

♦P  CU  *n  P  d)  • 

Ip  Ol  Eh  P  p  fd 

P 

4J  g  C  C 

o  id  x:  pop 

<D 

u  p  d)  <u  c  -h 

•  x:  <d  cr»  03  e  p  *p 

03 

c  D  P  £  dJ 

p  p  s  •  *p  <d  a  o 

P 

3  P  P  ^  0 )  ^ 

p  x  «p  ^  P  01 

0 

•mi d  C  X  04 

(D  P  fd 

P  fd 

o  c  .  >  E  p  d)  d)  >ih 

CD 

d)  <D  (d  P  03  d) 

moEPO^^0d)*p 

C 

x:  p  p  &  <d  p 

Pfdd)Px:o0PO 

0 

Eh  p  p  d)  p  p 

<fdX3oiPPP(dCno3 

z 

o: 

E-*  > 
z  < 

8 

CU 

Q 

fV 

i§ 

< 

04 

CU 

UM 

O 

u 

M 

Z  M 

CU 

3 

<  04 

cn 

W4 

cq  cn 

s 

CU 

o 

ca  - 

J 

5 

E-» 

CQ 

Cm  Z 

< 

O  CU 

CU 

w 

X 

u 

o 

Z  Eh 

M 

< 

o5s 

Eh 

o 

H  CQ  < 

o 

Q 

2 

CP 

r,. 

zoo 

> 

o  z  z 

z 

Eh 

►d  <  < 

< 

cn 

III-4 


V 


DRAINS  No  toe  drains  were  observed. 


3  W  0 

o  x  x 

X  0  X 
cn  h 
c  no  • 
w  -n  c  cn 


P  X  C  a 

x  x  >1 

W  (fl  ^  (0 
03  CN  £ 
P  *3  rH 
X  0)  a  rH 
rH  X  -H 

0  t-i  x  a 

N  03  UJ 
•H  4-1  X 
W  W  X  • 
GOG 
iH  *H  XI  -H 
rH 

3  0  O  V£> 

Eh  X  X  m 


X  I  0) 

•  CO  X 

"0  •  0)  P  H  , 

0  a  >  a 

0  rH  •  0) 

0  x  0  h  s  p  o  • « 


X  N  03  * 

X  00  -H  X  U 
iH  w  W 


ax  e 

03 

O  *3  T3 


4-1  3  C  4H  X  0 

0  O  P  *H  O  'O  (1) 

^  JC  a)  3  cx 
03warCW0)0)-*J 
p  O  O  G  MX 
>i  P  -H  OOX4-I 
03  03  Qj  X  -H  X  0)  O' 

,  S  o  x  o 

Q)  u  CD  (D 
^HC4JQ)IOCO 
o  -h  03  O  w  03  X 

Pa  p  i  0 

QJ  CD  TJ  a4-l  X  <1>  0) 

'C  a)  rH  cnx 

C  •  p  a.  3  *3  05  X  ■ 

3  c  -h  03  X  rH  a  1 

•P  03  P  3  a-P 

2  ~a  a  0  o  -h  o 

X  ^  QJ*HXXfH  Q) 
E-irMMPtHWW-P- 


0  CL.no 

-p  co  a) 
os  a 
•H  •  Cu 
*3  C  03 
0  *H  P 


Cn 

>1  >1  C  X  I 

—  03  rH  -H  O  0 

•  •  £  0  c  g  p 

o  4J  h  (0  a)  aj  a 
x  a)  rH  o  a  cn 

0  rH  -H  >,0  O  -H  X 
C  ax  rH  O 

**p  cn  0  c  c 
cn  T3  no  X  0) 

3>  0  rH  QJ  H  +J  (D  W 
OX  (OX  fl)  p  *H 

rH  x  a  o  x  *p  o 

w  *«H  0  O  fl]  (0 
C  O  X  G  0) 

X-HCOOXf^P 
03  *H  P  0)  H  X  03 

03  no  p  a  P  03  Eh 
p  c  a  ox  x 

Eh  o3  >i  cn  o 

■  i— I  p  •  iH  • 

p  a  i — i  rH  00  ca 

•  03  •  03  0  5  x  *H  03 

.aos-H  0)0(0  p 

03  c  *xxrHX0a 

p  U  P  w  fl)  XH 
ax  03  0  H  P 

-H  C  •  a4H  x  rH 
P  0  G  OX0 

cn  -h  cn  0  •  x 
p  0  -H  G  X  x  *0 
OPvo  ocncn0no 
Cl.  ro  X  *H  G  O'  0 
p*  0  X  -H  03  tn  X 

U  dMDH  u  (0  OO 

03  P  X  G  0  D>  >1  rH  0 

MlflHHWfOXOX 


a  *3  cn 

x  cn  i  >1  •  c  c 

10-HC  (0  I  2  0  0  0  (0 

rH  a*H  P  -rH  £  C  •  >1-H  >  0 

O3*rHXXPXrH3U0XO  P 

a  p  3  0  a  0  -p  xux  (0 

-H  OP  rH  -H  >1  •  0  03 

00  •  x  ax  c  no  cn  x 

C  X  0  C  3  cn  -HCIX0 
*H  X  X  •  *H  O  T3  0  4H  03  rH 
P  ^  X  rH  fl)  n*  X  rl  3  X 

CLX  P^fl)iflXinX(fl*n3- 

3  fNxao  0  x  o 
•  X  •  rsj  hH  (DP  a 


•  X  •  (N 

C  >1  0  _  _ 

•H  *•  0  X  X  CO  OXPX 
0033X  ••HPcnCEnaEH 

^0(oo  xpac  -h 

cNaxc0a  oo  p 

a  T3  (fl  H  H  cn  *H  no  •  • 

0030  X..HX  g  o  e 

XPXXX3C  U  cn  03  X  03  ■ 

xacn3  C  O  *P  —  0  C  T3  G  T. 3 

-HO3O0  x  cn  O  O 
PP^Ptn  >ivo  c  i  *h  0  0 

O  00O3fO04HXX>iX: 

4ncncnoP^  grHoxxx 
(0  0  C  D.H  fl)^  (fl  fl)  a  - 

X  £  0  3  rH  X  C  X  cn  4h  £  4H 

0  X  CD  H  X  (0  IO0O' 

rH>,  c  -h  a  x  no  <m  < 

X  (0  II)  fl)  0)44  E  fl)H  fl)  fl)  fl) 

3  £  05  0  —  O0Po5Oao 

O  rH  X  X  Cn  rH  OXX-HX. 

rH  cn  03  03  0  X  a 

0-nacnoa0XO00  0 
xaifl(OHHpx  c  x  x  4h  x  1 
0)  PXW  u  (fl^  (fl  H  x  o  x 


U  X  O  X  0  03  0 
CO  O  X  P  X  »H 


X  5  0  3 


rH  >1  C  -H  a 

x  oj  cn  0  cn  4h 


X 

X  W 
<  Ed 
Cu  u 
W  <  H 
fay  H 
O  PC  S 
Z  D  Q 

<«§ 

M  U  H 
kS  BS  fi 

uuj 

<f  t 


III-5 


OUTLET  WORKS 


*  T3 
T3  T3  <H 
H  (U  3  >1 
3  -P  O  0) 
O  (flU  > 
-C  4->  Cfl  c 

»  <u  o 

Cjlr-l  O 

*H  Q)  0) 

0)  >  C  0 
C  0)  C  4J 
C  P  <0 
to  x  td 
X  TJ  O  <1) 
O  C  *P 
tO  TJ  O 
TJ  0)  0 

<u  'O  a  p 
tj  <u  a-p 


&  x  <  x 


tP  -P 

u 

<0  0) 

X  X 
O  -P 

to 

•H  g 
T3  O 
P 

<D  M-i 

P 

3  >i  • 

+j  <«  e 

3  j  (d 
U-J  (tj 


■H 

O 

TO 

C  g 

c  a) 

*H  *0 

<0  X 

P  -P  T> 

>i  x 

ax 

<o  g  c  _ 

cp  a>  £  to  <u  g 

•  *H  £  H  'D  0)  O  CP 
C  X  P  C 

*H  -H  (1)  IM  -H  • 

<d ax  a)  a  a 

^XOto-P>top<D 
(N  -P  <0  CD  O  <D 


<N  4J  fl  !D  o  0) 

(U  rH  4-1  £  CPM-I  tj 

id  cno  n)  o  u 

X  G  «P  a  -P  (0  >i  . 

4JQ  -w  a)  c  £  <d  u 


fH'COOOO^*^ 


M  Id  c  c  ^ 
O  aJ  -H 
«w  CO  P  <D 


G  4J  a  to  I-H 

H  4J  -H  H  TT 

P  CD  3  TJ  *H 


T3  -P  dU  X 


«-»  c  c 

fl)  (D| 
C  4J  g 
C  X  -P  ■ 

<0  <u  o 


H  f0  >1  CO  rH 

X  <U 
g  rH  4J 
•  <0  TJ  <0  <0 

h  o)  (u  aE 


X  &  &  Q)  U  V  -H  -w 
O>,(Cnc+J0UX 
f0  C  CO  P  G  O 

4J  ^  E  (D  (d  C  (D-H  M 

a>  -h  <o  x  x  5  pa 

^H«Ha)+Joo>taa 

«p  *h  p-  *a  h i  ca 

3  a-P -p  <d  • 

O  to  co  P  CD  -P  P  C  X 

c  <o  .h  x  a)  *p  o 

<1)H  5  3  tr>  «P 

x;idOo3‘H(D^-H 
Eh  4-»  O  P  (0  <N  n3 


III-6 


1  K 
M  M 

2  W 
<  S 

M  W 

i  £ 

Is  8 


X  >i  Q)  C 

o  ox:  o 

c  p  e 

X  CD  P 
O  3>P  3 
<0  P  O  X 
O  CD  <0 
P  g  CO 

a  0  0  0 

a  TJ  X 
<0  P*H  P 
X  to 

0  tJ'  O 
-C-H^CU 
P  P  P 

0  P 

m  'oxj  c 

•H  £  0 

(CC  o 
P  0*0 
•H  P  T1 


P  P  O  P  »0  >  P 


0  p 

HO  |J 
•  jd  H 

o  r-  cp  • 
x:^ho\ 

H  fM  M  ^ 


to  0  0  c 
0  x  u  *o 

P  P  0 

P 

0)  P  >1  C 
X  0  0  0 
E-»  P  S  g 


CO  0  P  > 

rO  t— !  0 

oj  (d  dn 
p  0  0 
*0  P  X 
*0  P  P 
*  *0 

o  o>  p 

H  c  OJ  W 
P  *H  £  *H 
P  0  O 
0  X  «H  X 
>  U 

O  {0  CO  -H 
0  *H  X 
rH  P  5 
(0  *0  • 
u  X  - 
3  £  •  0 
P  O  CQ  0 

(0  pH  •  P 

C  P  Eh  *0 


P  0 
P  0  g 
O  «  (D 
0 

a  p  p 
o  x 
p  a;  cn 
X  -h 
6  P  P 

e  c  p 
*H  o  O 
£ 

•H  Or  -p 

g  *0  P 
P  0) 

<d  a«H  • 

X  *H  CD 

P  P  0  0 

x  a) 
to  O  P  P 
*0  C  (0 

P 

0  tfl  0  >i 

g  *h  x  <0 

*0  P  5 
*  CD  0)H  H 
M  IU  H 
0  d>  -H 

a 

P  Eh  O  W 


III-7 


'  T3  W 
P  P 
P  C  C 
*0  0  d) 

u  >  a 

3  <D  P 
P  P  3 

*0  ax 

C  *0 

O 

0)  P  Q) 
X  X 
P  10  P 
*0 

1  G  0  O 
•  H  P  P 
(0 

>i  C 

0  0  O 
£  U>*H 
^  P  CO 
(0  <0  O 
O  X  p 
POO) 


1 

• 

0 

p 

1  ^ 

1 

S  X 

TJ 

O  P 

0 

0 

P  c 

0 

p 

o  • 

•H 

0^0 

> 

p 

H  H 

p 

0 

P  CQ 

to 

>1 

C  PC 

0 

0  *H  X 

0 

> 

p  • 

u 

0  C 

p 

c  a  g 

0 

p  Eh 

•  P 

c 

0  0 

CD 

C  0 

C  to  0 

to 

• 

0 

g  *H 

0 

P  X 

0 

0  X 

0 

p 

p  p 

>  • 

0  O 

CP 

p  to  o 

to 

O  P 

•H  CD  (0 
0  (0  -nP 

to  x  a^j  o 


0  *0  Eh 
X  0 
P  P 
0  • 


<0 

C  tO 
0  10  P 
X  *0  C 


P  >i  P  <D  0 
O  ><  0  PE 
P  fd  ^  P  (0  4J 

s  T3  d)  s 

H  H  (Ij  4J  Q}  j!) 

0  rH  O  <0  O'  <0 
C  -H  P  £  P 

c  a  *0  p 
0  to  a  xx 

x  -h  .  u  ^ 

U  >,X  0  WH 
U  CO  0  -H  P 

0  £  p  no 

t?  00  O  TJ 

P  D>  C  O  rH  c  . 

*0  P  0  P  (0  0  P 

X  0)  p  P  c 

O  g  P  CO  3  P  0 

to  0  0  X  P  P  g 


0  P  C 
X  0  £ 
0  ^  C 


P  o  *0  0  M 

C  C  P  C 

0  3  0 

>C  0  0  X 


•H  0  to  X  X  g 
P  *H  *H  P  P  0 


BRIDGE  AND  PIERS 


lame  of  Dam:  t.ake  DEVOLIA  DA_M 


REMARKS  OR  RECOMMENDATIONS 


CD 
I  E 
>1  <D  0 

P  •  CA 
0)  W  CD 

>  <U  >  *0  0 

E  C.C 

Q)  O  H  I0  4J 

P  -C  H i 

(D  M  <W 

T3  ^  (D  O 

MO)  CA 

•H  M  (D  W  C 

o  a>  p  (U  o  • 

>  -P  P  -H  TJ 

p  -p  tr>  m  qj 
<d  aj  u  o  > 

U)  U  IH  P  P 

d)  w  oh  aj  c) 

p  >  m  tn 

x:  p  -P  -P  JQ 


CD  -P 

CD 

G 

O 

x:  *h 

W  O 

4J  S 

(D  *P 

O 

CO 

P 

-H 

03 

T3  T3 

6 

4-1 

G  CD 

CD  3 

•H 

3  T3  X  *H 

G 

tn 

o  O  -p  TJ  cn^i 
p  o  (D-H  a 

«  E  m  id 

O  X3 
W  T3  XI  O 
<U  C  W  -P  2  P 
a  <3  -H  *P 
O  C  £  O 
«H  Q)  (Tj  •  J> 
tn  r-f  X3  T3  tA  P 

4J  a)  a)  <d 
<d  c  <D  *p  a)  tn 
x:  a)x  m  p  a) 

Eh  tT»EH  .p  -P  P 


•  -P  u 

*0  4-1  0  >, 

0)  arH 

>  H  W  CD 

to  ^  H  C  -P 

CD  G  -H  fO  • 

W  O  4J  g  +J 

X2  -H  3  «P  -H  fi 

O  *P  O  0  X  CD 

0,0  O  E 

W  a)  rc  <L)  p  AC 

s  £  e  a  c 

s  co  <d  -h  a,  id 

c  xi  -p  «y  xa 

C  -H  gs 

O  O  Q)  G  Q) 

*H  CD  -P  xl  CD 

-P  X2  -P  ^  03 

dj  -p  x:  x: 

-P  -P  .p  -P  .p 

C  O'*  Qj  nj 

2  C  CD  03  g 

c  H  TJ  H  p  O 

*H  P  03  0)  P 

T3  3  P  >  £  4-f 

CD  T3  CD  0) 

W  -P  rH  W  <D 

G  05  D>  p 

-P  CD  C  O 

c  x  o  -h  x: 

bj  id  o  o  t3  w 

o  +j  x:  o,  c  4-i 

*H  -P  3  4-4 

'P  W  0)  0  o 

*h  cn  a)  x:  co 

c  C  4J  4J 

CT'-H  fO  -p 

H  TJ  O  ^  .4-1 

w  C  -H  o  G 

p  T3  H  O  o 
O  O  C  <D  -H  o 

23  W  -H  -P  rH 


.-3  CO 

<  w 

2  3 

>  « 


III-9 


T3  P 

Q)  0) 

X  >  X 

O  XX  C 

3  d)  OS  03 

PC  O 

x  c  x  x 

w  (0  4JP 

XI  A  3  X 

0  O  0  £  • 

c  cn  cpt3 

C  <D  X  <D 

x  o  w  > 


T3  X  >i2  in 
X  CP  P  X 
5  C  03  O 
o  X  • 

03  P  D  P<J  <D 
X  X  cn  p 
W  X  X  VO  <D 
X  P  § 

in  x  <D 

X  £  4J  (fl 

(DO  'O  3  G 
C  x  <U  O  O 
C  Cn  g  «  -H 
(0  03  X 

X  c  <  y 
o  •  c  >  c 

M3  p 

SO)  p  x 
<d  c  c  o  w 
(D  c  <o  *a  x 
p  id  co 
xx  o  p 

w  o  x  P 

§c  in  o 

X  X  (0 

o  03  03  » 

T3  p  p  ax 

C  <D  p 
OXXTJX 
X  03  C  C  <D 
^  C  0)  03  'd 


M-l  X  p 
H  X 
>1  in 
X  .  C 
P  <D  £ 

•H  CT>  O 
o3  oJ  t3 
X  P 

0)  <D  • 
in  >  X  T3 
•H  03  x  a) 
'a 

Q)  Q)  KP  o 

ax  c  o 

O  x  -H  5 

•— I  p 
CO  C  <D  T3 
O  T3  C 
X  P  03 

a  x  o 
c  c  x  a) 
CO  x 

03  U  03  03 
X  P  0  p 
a  <d  p  <d 

a  03  03 

§  0  0)  § 
0)  cx 

P  O  X  <D 
X  p 

in  c  x  oj 
C  03  O 
jx  x 

O  x  03  o 
TJ  o  c 
mac 

o  in  o  o3 
X  CD  X  x 
E-»  x  w  U 


oj  a)  tJ 

o 

P  P  <D 
O  X 
ax  x 

X  X 

X  2  E 

o  in  o 

p 

.  T3  'O  X 
C  x 
03  2  in 
o  5 
POO 
03  X 
x  e  x 
03 

a)  tj  a) 
c  cn 
o3  a)  p 

X  X  03 
X  X 

o 

5  X  >i 

x  o  X 


2  3  W 
O  OS  H 
HH« 
fr*  03  fl9 
M  S3  U 

q  o  a 

2  ~ 


III-10 


frt  <  2 

5  o 

2  W  w 
HUH 

x  2  < 
oox 

CC  £  3 

cl  a* 

ft-  Du  o 
<oo. 


APPENDIX  IV 
GENERAL  REFERENCES 


GENERAL  REFERENCES 


1.  Bureau  of  Reclamation,  U.S.  Department  of  the  Interior, 
Design  of  Small  Dams,  A  Water  Resources  Technical 
Publication,  Revised  Reprint,  1977. 

2.  Chow,  Ven  Te,  Handbook  of  Applied  Hydrology,  McGraw  - 
Hill  Book  Company,  New  York,  1964. 

3.  Chow,  Ven  Te,  Open  Channel  Hydraulics,  McGraw  -  Hill 
Book  Company,  New  York,  First  Edition,  1959. 

4.  Commonwealth  of  Virginia,  "Geologic  Map  of  Virginia," 
Department  of  Conservation  and  Economic  Development, 
and  Division  of  Mineral  Resources,  1963. 

5.  HR  33,  "Seasonal  Variations  of  Probable  Maximum  Precipita¬ 
tion,  East  of  the  105th  Meridian  for  Areas  10  to  1000 
Square  Miles  and  Durations  of  6  to  48  Hours,"  (1956). 

6.  King,  Horace  Williams  and  Brater,  Ernest  F.,  Handbook 

of  Hydraulics,  Fifth  Edition,  McGraw  -  Hill  Book  Company, 
New  York,  1963. 

7.  Soil  Conservation  Service,  "National  Engineering  Handbook  - 
Section  4,  Hydrology,"  U.S.  Department  of  Agriculture, 

1964. 

8.  Soil  Conservation  Service,  "National  Engineering  Handbook  - 
Section  5,  Hydraulics,"  U.S.  Department  of  Agriculture. 

9.  U.S.  Army,  Hydrologic  Engineering  Center,  "Flood  Hydrograph 
Package  (HEC-1),  Dam  Safety  Investigations,  Users 
Manual,"  Corps  of  Engineers,  Davis,  California,  September 
1978. 

10.  U.S.  Army,  Hydrologic  Engineering  Center,  "HEC-2  Water 
Surface  Profiles,  Users  Manual,"  Corps  of  Engineers, 

Davis,  California,  October  1973. 

11.  U.S.  Army,  "Inventory  of  United  States  Dams,"  Corps  of 
Engineers,  9  September  1978. 

12.  U.S.  Army,  Office  of  the  Chief  of  Engineers,  "Appendix  D, 
Recommended  Guidelines  for  Safety  Inspection  of  Dams," 
National  Program  of  Inspection  of  Dams,  Volume  1.,  Corps 
of  Engineers,  Washington,  D.C.,  May  1975. 


NAME  OF  DAM:  LAKE  DEVOLIA  DAM 

i 


IV- 1 


13. 


U.S.  Army,  Office  of  the  Chief  of  Engineers,  Engineering 
Circular  EC-1110-2-163  (Draft  Engineering  Manual), 
"Spillway  and  Freeboard  Requirements  for  Dams,  Appendix  C, 
Hydrometeorological  Criteria  and  Hyetograph  Estimates," 
(August  1975). 

14.  U.S.  Army,  Office  of  the  Chief  of  Engineers,  Engineering 
Circular  EC-1110-2-188,  "Engineering  and  Design,  National 
Program  of  Inspection  of  Non-Federal  Dams, "  Corps  of 
Engineers,  Washington,  D.C.,  30  December  1977. 

15.  U.S.  Army,  Office  of  the  Chief  of  Engineers,  Engineer 
Technical  Letter  No.  ETL  1110-2-234,  "Engineering  and 
Design,  National  Program  of  Inspection  of  Non-Federal 
Dams,  Review  of  Spillway  Adequacy, "  Corps  of  Engineers, 
Washington,  D.C.,  10  May  1978. 

16.  U.S.  Department  of  Commerce,  "Technical  Paper  No.  40, 
Rainfall  Frequency  Atlas  of  the  United  States  for  Dura¬ 
tions  from  30  Minutes  to  24  Hours  and  Return  Periods 
from  1  to  100  Years,"  Weather  Bureau,  Washington,  D.C., 

May  1961. 

17.  U.S.  Department  of  Commerce,  National  Oceanic  and 
Atmospheric  Administration,  "Hydrometeorological  Report 
No.  51,  Probable  Maximum  Precipitation  Estimates, 

United  States  East  of  the  105th  Meridian, "  Washington, 
D.C.,  June  1978. 


NAME  OF  DAM:  LAKE  DEVOLIA  DAM 


IV- 2 


